In metazoan organisms, communication of the constituent cells to its exterior is an essential component of tissue homeostasis and organ function. A plethora of growth factors, cytokines, hormones, regulatory small molecules, etc., interact with the cells surface receptors to initiate the signaling process that is transduced to the cell interior, regulating its functions. Over the years, thousands of such receptors have been identified and characterized. This number has substantially gone up in the postgenome era. Although the mechanisms of signal transduction by cell surface receptors is of immense interest for both clinicians and basic biologists, certain group of receptors have drawn equal attention of both the communities. One such group is the G protein-coupled receptors (GPCRs). Over the past half a century, this group of receptors has been extensively investigated, and a volume of information regarding their complexity as well as diversities has been revealed. Another interesting aspect of the GPCR study is their predominant roles in drug discovery and development. A substantial number of commonly used drugs are targeted toward the GPCR family, and several more are expected to be coming to the market in near future. Taking into consideration of the importance of these receptors, the following review summarizes certain fundamental aspects of its signaling mechanisms. Considering the vast information available on GPCRs and their importance in human health and diseases, following review provides a broad outline on the mechanisms of their functional diversity. 
IntroductIon
In a multicellular organism, functions of each cell are regulated by two modules: the intrinsic cellular constituents (as in liver cells versus nerve cells) and the external cues (like cytokines for immune cells versus neurotransmitters for the nerve cells). Each mammalian cell is studded with a large number of receptors, which span across the cell membrane, outwardly protruding the extracellular domain while inwardly extending into the cell interior. Numerous regulatory molecules (called ligands) bind to those receptors and activate a process transmitting the stimulatory signal into the cell interior through a series of kinases/phosphatases and small molecules called second messengers. A large number of growth factors, cytokines, and peptide hormones transmit their signals through this mechanism. Since the structure of the receptors and their ligands are highly specific, their interactions and subsequent signaling processes are also highly selective. Such signaling mechanism primarily involves activation/inactivation of mediator molecules through conformational changes, generation of second messengers, and posttranslational modifications (like phosphorylation/dephosphorylation). Recent studies have highlighted oxidative modification of cysteine thiols as another mode of signal transduction called redox signalling. Studies over the years have suggested that the structures of these receptors and the biochemical mechanisms they use for the transmission of signals are conserved in evolution. Accordingly, these receptors are classified as enzyme-linked receptors (e.g., tyrosine kinases), G protein-coupled receptors (GPCRs) (e.g., insulin receptor and angiotensin receptor), and ion channel-linked receptors (e.g., adenosine 5'-triphosphate-gated channels). Quite often, (G protein coupled) of signal transduction. Considering their importance in human biology, a number of classification schemes have been proposed to categorize them. Some systems group the receptors based on their ligands, while others have used their physiological and structural features for the criteria of classification. One of the most frequently used classification system divides them in groups based on their sequence homology as well as the prototype ligands (thus functionally, similar receptors are grouped together). This classification system covers both vertebrates and invertebrate receptors. [7, 8] According to this classification system, the following are the GPCR groups* [9] 1. GPCRs are coupled to "heterotrimeric G proteins" consisting of three subunits named Gα, Gβ, and Gγ in a complex attached to the cytoplasmic side of plasma membrane. In the inactive form, the Gα subunit remains bound to guanosine diphosphate (GDP) (or in certain instances, no nucleotide). Once ligand binds the GPCR, the complex is activated and guanosine triphosphate (GTP) replaces GDP. The receptor, Gα-GTP complex, and Gβγ assembly then dissociate from one another, generating three independent modules transmitting the signals to the downstream effectors. There are some instances where the Gα-GTP-Gβγ assembly does not dissociate but rather undergoes conformational change, initiating signals. [10] Furthermore, there are instances where the Gβγ complex moves into the cytoplasm or to membranes of other organelles. [11] In humans, there are twenty-one Gα proteins encoded by sixteen genes, six Gβ proteins encoded by five genes, and twelve G03B3 subunits. These repertoires of G proteins suggest the diversity of GPCR signaling. [12] However, considering the large number of GPCRs and much fewer number of G proteins, it is expected that each particular type of Gαβγ complex must it is observed that despite a large number of receptors having highly conserved structures and common signal intermediates, their signaling mechanisms are highly selective (as it is expected for maintaining the fidelity of the biological processes). One such family is GPCRs, and in the present review, I will explain how a diverse group of GPCRs use a common mechanism of signal transduction and still maintain the selectivity of their effects.
G ProteIn-couPled recePtor SuPerfamIly
GPCR constitute a family that is characterized by α-helical domains that pass through the cell membrane seven times (for this unique structural feature, they are also called seven-transmembrane domain receptors). They are one of the largest family of cell surface receptors found in mammals. [1] In airway smooth muscle cells, a large number of GPCRs are expressed, creating a highly complex receptor system. RNA analysis has shown the presence of 434 GPCRs transcripts (including splice variants) in those cells. [2] Ligands that activate them are as diverse as light-sensitive compounds, organic odorants, amines, peptides, proteins, lipids, nucleotides, etc. [3] They are also the targets of ~40% of all drugs developed by the pharmaceutical industries until date. [4] Further, majority of those drugs are targeted to only a small subset of the receptors whose functions are well understood. Therefore, it is expected that in coming years, a large repertoire of drugs will be developed whose targets will be a wide spectrum of human GPCRs regulating various physiological processes. [5] Understandably, research in GPCR signaling is very prevalent, and till date, nine Nobel prizes have been awarded in this field. Most recent one was awarded to Robert Lefkowitz and Brian Kobilka (2012, Chemistry) for studying their structure and function. Table 1 summarizes the various physiological functions attributed to GPCRs.
The present day knowledge suggests that the number of GPCR in mammals is very high, and till date, ~ 800 human genes (≈4% of the entire protein-coding genes) code for GPCRs. [3] As expected, functions of many of these GPCRS have not yet been characterized. [6] Despite having no major sequence homology among the GPCRs, they have a common structure (seven-transmembrane domain) and mechanisms Visual sensing: The rhodopsin is the prototype of this group. It uses the conversion of 11-cis retinal to all-trans retinal to initiate the signal Tasting: The bitter and sweet taste receptors are G protein-coupled. Gustducin is a G protein commonly associated with the taste receptors Smelling: Olfactory receptors are the receptors of the olfactory epithelium that bind various odorants. Vomeronasal receptors are also present in the olfactory epithelium that binds pheromones Regulating behavior and mood: These important functions of the brain are regulated by neurotransmitters such as serotonin, dopamine, GABA, and glutamate, which acts through a repertoire of GPCRs Immune response: Chemokines are small molecules, which induce chemotaxis in nearby cells. They have a major role in immune response. Twenty distinct chemokine receptors belonging to the GPCR family have been described in mammals until date Transmission of nerve stimulation: Many autonomic functions such as blood pressure, homeostasis, digestion, and heart rate, by the sympathetic and parasympathetic nervous systems are regulated by the GPCR pathways Sensing of cell density: A novel group of GPCRs regulate cell density Development and metastasis of certain types of tumors have been attributed to GPCRs GPCRs: G protein coupled receptors, GABA: Gamma-Aminobutyric acid be interacting with many different receptors. Furthermore, depending on the agonist (ligand), some receptors can activate multiple signaling pathways. [10, 11] 
dIverSIty of G ProteIn-couPled recePtor SIGnalInG
One of the major sources of diversity of GPCR signaling is the type of Gα subunit the receptor is coupled to. Depending on the signals they generate, Gα proteins are of four different types, namely G αs , G αi/o , G αq/11 , and G α12/13 . [13, 14] The downstream targets of both the G αs and G αi/o signaling are adenylate cyclases that generate cyclic AMP. However, while the G α subunits stimulate the enzyme, the G αi/o inhibits it. Accordingly, GPCRs coupled to G αs and G αi/o will counteract the effects of each other and thus calibrate the level of cAMP in the cytosol, which in turn will regulate the activity of its downstream targets. [13] 26RFa and 43RFa are neuropeptides of RFamide family (as they have Arg-Phe-amide at the end) signaling through the GPCR 103. They are involved in regulating physiological processes such as reproductive and eating behavior and pain modulation. In human pancreatic islets, while both prevent cell death induced by cytokines and glucolipotoxicity, 43RFa promotes glucose-induced insulin secretion but 26RFa inhibits it through Gαs and Gαi/o pathways, respectively. [14] The downstream mediators of G αq/11 pathway is phospholipase C (PLC)-β, which catalyzes the conversion of phosphatidylinositol 4,5-biphosphate (PIP2), a membrane-associated lipid, into inositol 1,4,5 trisphosphate (IP3) and diacylglycerol (DAG). [15] IP3 facilitates Ca 2+ release from the endoplasmic reticulum while DAG activates protein kinase C (PKC), a serine/threonine kinase. Free fatty acid receptor 2 (FFAR2) is a short-chain fatty acid-sensing GPCR expressing in pancreatic β-cells. Acetate, its endogenous ligand, enhances glucose-induced insulin secretion. However, other FFAR2-specific agonists either increase or inhibit insulin secretion by signaling through Gαq/11 or Gαi/o, respectively. [16] Thus, depending on the ligand, FFAR2 signaling might occur through divergent G protein-coupled pathways. The downstream targets of G α12/13 are Rho guanyl nucleotide exchange factors which on binding to G α12/13 activates cytosolic small GTPase Rho. [17] The angiotensin peptides (Ang I-IV) are derived from the cleavage of the precursor peptide angiotensinogen by proteolytic enzymes rennin, angiotensin I-converting enzyme, etc., Among various angiotensins, Ang II is better studied, and it plays a major role in the maintaining the blood pressure and fluid/electrolyte balance. Two well-studied Angiotensin receptors, AT1 and AT2, are of GPCR family. Both the receptors are coupled to multiple G proteins. The AT1 receptor has been implicated in pathological conditions such as hypertension, heart failure, cardiac remodeling, and fibrosis metabolic diseases. Systematic analyses of receptor signaling have shown that it induces vasoconstriction and cardiac hypertrophy through Gq, cell death through G12/13, and nitric oxide synthesis through Gi. [18] Although the AT2 receptor has all the characteristic features of a GPCR, it does not show the classic features of GPCR signaling. [19, 20] In some instances, the AT2 receptor signal counter acts that by the AT1 receptor. This is an example where in different cellular and physiological contexts, the same receptor and ligand can use multiple G proteins to mediate diverse functions. Such ligands which initiate differential signaling from the same receptor (in same or different tissues) are called biased ligands. Details of biased signaling are further discussed below.
On activation by the ligand, GPCRs dissociate Gαβγ heterotrimer into Gα and Gβγ. Earlier, Gα was believed to be the primary signal initiator and Gβγ was considered as passive component of the signaling system. Later, it has emerged that Gβγ proteins also mediate signals. [21, 22] In human, there are six Gβ and twelve Gγ proteins, creating a large repertoire of Gβγ assembly. [23] Taking into consideration the diversity Gα subunits, the possible combinations of heterotrimeric G protein complexes (comprising of α, β and γ subunits) are quite large with tissue-specific functions. Among the targets of Gβγ complex is cardiac muscarinic-gated inwardly rectifying K + channel, voltage-dependent Ca 2+ channels, certain isoforms of adenylate cyclases, PLC (cleaves PIP2 into the second messengers DAG and inositol 1,4,5-triphosphate [IP3]), certain isoforms of phosphoinositide 3 Kinases (PI3Kinases), and mitogen-activated protein kinases (MAPK). Considering such large repertoire of downstream targets, the role of Gβγ in GPCR signaling appears to be much wider than once thought. Recent evidences suggest that on receptor activation, Gβγ dimers can even move from the plasma membrane to other subcellular locations, further diversifying the signals. [24] The kinetic of GPCR signaling also depends on the rate at which the Gα-GTP complex hydrolyzes GTP, yielding the resting form Gα-GDP. Although GTP hydrolysis is done by the Gα protein itself, it can be further facilitated by GTPase acceleratory proteins (GAPs) and regulators of G protein signaling. [25] Some of the GAP proteins are the downstream effectors of GPCR signaling which directly regulate the speed of signaling by its upstream receptor. [26] role of G ProteIn-couPled recePtor KInaSeS and Β-arreStIn In termInatInG G ProteIn-couPled recePtor SIGnalInG
No biological system remains in the perpetually activated state (except under certain disease condition like cancer), and therefore, stimulatory signals are to be terminated so that the second messengers and their target proteins are restored to their basal levels. Modes of termination of GPCR signaling include the removal of the ligand from the receptor and its phosphorylation by GPCR kinases (GRKs). Phosphorylated receptors are inactive in transmitting signals and they are further inactivated by binding to arrestin proteins present in the plasma membrane. [27] The arrestin-receptor complex is then endocytosed to the cell interior. Once it is in the cytosol, the receptor can be dephosphorylated and recycled back to the cell surface in three β-adrenergic (β1/2/3) receptors. β1 and β2 receptors activate Gαs proteins (stimulatory G proteins) which initiates the generation of cyclic AMP which in turn activates protein kinase A. Interestingly, on phosphorylation by PKA, the β2 receptor switches its signaling from Gs to Gi/o that stimulates apoptosis. [30] The α1-adrenoceptors in human heart are fewer in number, and they play a major role in cardiac hypertrophy and remodeling. They signal through the Gq/11, activating PLCβ-IP3 and 2-diacyl glycerol pathways. [31] Although Type 1 Angiotensin II receptor (AT1) is generally Gq/11 coupled, depending on cell types, it also can couple to Gi/o or Gs proteins. [18] It is primarily expressed in the cardiac fibroblasts and regulates cardiac hypertrophy, inflammation, fibrosis, and other responses often associated to adverse cardiac remodeling. In humans, there are four types of adenosine receptors of which A1, A2A receptors regulate myocardial oxygen consumption and coronary blood flow (They also have important functions in brain while two other receptors, i.e., A2B and A3 are involved in immune responses.). Activation of A1 receptor through Gi/o causes bradycardia, and this pathway is used for the therapeutic intervention against certain types of supraventricular arrhythmias with adenosine. [32] Apelin, a group of endogenous peptides (apelin-36,-17, −13, and −12), is derived from a 77-amino acid prepropeptide by proteolytic cleavage. High level of apelin mRNA and the matured apelin-17 has been reported in numerous tissues including heart. Its cognate receptor is APJ which belongs to the GPCR family. Cardiac apelin-APJ system has a positive inotropic effect; it lowers arterial blood pressure, induces vasodilation, improves cardiac output, and provides cardioprotection under myocardial infarction. [33] In patients with coronary artery disease, serum apelin-12 levels is reduced. Large scale data analysis has shown that serum apelin is a protective marker against the progression of coronary artery diseases. [34] Urocortins (Ucn) 1-3 are another group of peptides (corticotropin-releasing hormone family) having effects on the cardiovascular system wherein it mediates its effect through the CRH-R2 receptor, a member of the GPCR family. Ucn have vasodilatatory and inotropic effects, increase cardiac output, and have cardioprotective effects in an active form or might as well be degraded in the lysosome. The above mechanisms play an important role in β-adrenergic receptor distribution in heart muscle of normal, elderly, and those with heart failure. Besides this canonical role of GRK in GPCR signaling, other roles of GRK in cell signaling and diseases have also emerged over the years. In human, there are seven GRKs, that is GRK 1-7, which share common structural and functional characteristics. Based on their amino acid sequences and tissue distribution, they are further divided into three subfamilies, namely (1) Rhodopsin kinases (GRKs 1 and 7); (2) β-adrenergic receptor kinases (GRKs 2 and 3); and (3) the GRK4 subfamily that includes GRK 4, 5, and 6. Rhodopsin kinase expresses in retina; GRK4 in testes; and the other GRKs are largely ubiquitous, albeit with certain degree of tissue preferences. In human heart, GRKs 2, 3, and 5 are expressed in higher levels and play critical roles in cardiovascular pathophysiology. [28] 
G ProteIn couPled recePtor SIGnalInG In cardIovaScular SyStem
Like any other organ, the regulation of cardiovascular system is also complex under both normal and pathological conditions. Various cell types in the cardiovascular system, namely myocytes, fibroblasts, endothelial, and smooth muscle cells are studded with an array of cell surface receptors that transmit signals generated by the extracellular stimuli. A variety of GPCRs have been associated with almost all major regulatory events in the cardiovascular system, namely myocardial contraction, arterial resistance, renal function, cardiac hypertrophy, and heart failure. [29] GPCRs involved in cardiovascular function include AT1 (angiotensin II), ET1B (endothelin-1), α-adrenergic (epinephrine), β-adrenergic (norepinephrine), APJ (apelin), and CRH-R2 (urocortin) receptors. Furthermore, several other orphan receptors (for which ligands are not known yet) have been attributed to cardiovascular function. Table 2 summarizes those receptors and their functions.
The effects of norepinephrine and epinephrine released from the sympathetic nervous system are mediated through three α1-adrenergic-(α1 A/B/D ), three α2-adrenergic-(α2 A/B/C ), and patients with heart failure, hypertension, and ischemic heart disease. [35] Due to the significant role of Ucn in cardiovascular pathobiology, clinical trials for potential diagnostic and therapeutic use of Ucn in cardiovascular diseases are being explored. [36] Taken together, numerous GPCRs are expressed on cardiac myocytes, vascular smooth muscle cells, fibroblasts, endothelial cells regulating vascular tone, heart rate and contractile strength, metabolism, etc. Subsequent to the activation of these receptors by specific ligands, downstream effector molecules such as adenylate cyclases, phospholipases, and certain ion-channels are activated which in turn activate certain second messengers. These second messengers then turn on a plethora of signaling kinases which phosphorylates their target proteins, regulating their function. These pathways also regulate the activity of various phosphatases which dephosphorylates specific targets, attenuating the stimulatory signals. Aberrant signaling by these receptors leads to dysregulation of cell function followed by the diseases such as cardiac hypertrophy, atherosclerosis, and hypertension. [37] 
ProteIn KInaSeS In G ProteIn-couPled recePtor SIGnalInG
Protein kinases play critical roles in mediating various GPCR signals in the cardiovascular system. Among various protein kinases studied till date, protein kinase A, G, and C are well investigated for their roles in GPCR signaling. Protein kinase A, a cyclic AMP dependent, mediates the adrenergic signaling while protein kinase G, a cyclic GMP-dependent kinase, is the mediator of nitric oxide signaling. [38, 39] Both protein kinase A and G are serine/threonine kinases. Another serine/threonine kinase, namely PKC has roles in cardiovascular biology. PKC has several isoforms. While some are calcium dependent and activated by of DAG and phorbol esters (PKC-α, PKC-β1, PKC-β2, and PKC-γ), several others are calcium independent but require DAG (PKC-δ, PKC-ε, PKC-η, and PKC-θ). A third family are atypical (PKC-ι, PKC-ζ) which are not activated by either calcium or DAG. PKCα is involved in GPCR signaling in normal hearts while PKC ε is important in ischemic preconditioning of the myocardium. [40] noncanonIcal SIGnalInG by Gβγ, G ProteIn-couPled recePtor KInaSeS, and b-arreStIn As described above, classical GPCR signaling involves (a) binding of the ligand to the receptor, (b) dissociation of the heterotrimeric G protein (αβγ) into α or βγ, and (c) the interaction of the downstream effectors with the dissociated G protein subunits followed by the transmission of signals. Once GPCRs are activated, the signal is terminated by the phosphorylation of the receptors by GRK, binding of β-arrestins to it, its internalization, dephosphorylation, and recycling. Studies done in early nineties, the primary mediator of the GPCR signaling was presumed to be the Gα that is the classical mode. However, over the years, it has now become apparent that the other constituents of the GPCR viz., Gaβγ, GRK and even β-arrestins play critical roles in the process.
In cardiac myocytes, upon stimulation of endothelin receptor, the Gβγ subunit induces the hydrolysis of phosphatidylinositol 4-phosphate by the PLCε in the Golgi and this pathway is involved in the hypertrophic response. [41] In heart and brain, GPCR mediated inhibitory neurotransmission involves the activation of G protein-gated K(+) (GIRK) channels. Gβγ binds to the cytosolic domain of GIRK and mediates its activation. [42] Signaling by the Gβγ subunit plays an important role in heart failure. In heart failure patients, cytosolic level of GRK2 is elevated and the Gβγ subunit recruits it to the stimulated β-adrenergic receptors resulting in its persistence desensitization and downregulation. [43] The classical function of GRKs is to regulate the duration and the strength of the GPCR signaling through its phosphorylation and internalization. In addition, recent studies have shown various other functions of GRKs. There are instances GRKs also phosphorylates non-GPCR substrates and perform several phosphorylation-independent regulatory functions. GRK2 is the most abundant among the three GRKs (the other two are GRK 3 and 5) in the heart and its level/activity increases in failing human hearts. [44] It regulates diverse biological events including inflammation, insulin signaling, cell migration, vascular function etc., through the phosphorylation and interactions with various noncanonical substrates like tubulin, synucleins, histone deacetylase, MAPK, Raf kinase inhibitor protein, PI3Kinase etc. [45] Experimental evidences also suggest that it also desensitizes α and β adrenergic, angiotensin, cholinergic muscarinic, endothelin receptors and other GPCRs independent of its phosphorylation function. [44, 45] GRK2 activity is controlled by its phosphorylation at multiple sites by kinases like PKC and c-Src. [46] Due to its hugely complex role in cell functions, exhaustive research have been undertaken on GRK2 in the past two decades and its role in cardiovascular, immune, neurological disorders and in cancer has been established and it is now being considered as a therapeutic target. [47] In experimental mice, following myocardial infarction and heart failure, inhibition of GRK2 by paroxetine improves left ventricular structure-function. [48] Like in the case of GRK2, the expression of GRK5 is also elevated in patients with cardiovascular disorders. Interestingly, it has been demonstrated that subsequent to the activation of Gαq-coupled signaling, GRK5 moves to the nucleus and phosphorylates histone deacetylase-5 kinase inducing the expression of the transcription factor MEF2, that upregulates the expression of the markers of hypertrophy. [49] GRK5 has also been attributed to other noncanonical gene regulatory functions. [49] Unlike in the case of GRK2 and GRK5, the noncanonical role of GRK3, if any, is not understood as yet. [46] II type 1 receptor which is involved in the development of hypertension. Angiotensin peptide (1-7) lacking the C-terminal phenylalanine residue has vasodilatory and cardioprotective effects, but it does not activate G proteins. It is thus a competitive antagonist for the classical Gαi and Gαq pathways induced by AngII. [51] It has been observed that S-nitrosylation of a cysteine residue β-arrestin 1/2 initiates biased signaling through GPCRs by selectively inhibiting β-arrestin-mediated signal transduction. Such β-arrestin S-nitrosylation induces inflammation, aging, and heart failure.
[52] Such evidence of "ligand bias" by the nature has encouraged the pharmacologists to develop synthetic ligands that might regulate the signals differently from the natural ligands, suppressing the detrimental pathways and boosting the beneficial pathways. Such signal divergence by various ligands has a tremendous therapeutic potential. [53] A collective representation of various aspects of GPCR signaling is summarized in Figure 1 .
concludInG remarKS
Past two decades have seen a paradigm shift in approaches toward the therapeutic intervention against cardiac diseases. While on the one hand, a hugely diverse world of GPCRs in human biology has emerged; on the other hand, a myriad of canonical and noncanonical mediators of their signaling have also been revealed. Attempts are now being made for modulating GPCR signaling at all levels from receptor activation to the downstream events. Researchers are tirelessly working for identifying novel small molecule modulators of GRKs and β-arrestins to ensure boosting the beneficial pathways and inhibiting the detrimental one. Furthermore, such knowledge of GPCR signaling in conjunction with modern
b-arreStInS and bIaSed SIGnalInG by G ProteIn couPled recePtor
Like the GRKs, β-arrestins are also involved in the desensitization and internalization of phosphorylated GPCRs. Out of four β-arrestins, β-arrestin 1 and 2 are ubiquitously expressed including in heart. In the canonical pathway, once the receptor is stimulated, it is phosphorylated by the GRK (or protein kinase A and C), followed by its binding to β-arrestins, which takes it to the clathrin coated pits. Thereafter, either it is dephosphorylated and recycled or degraded. However, contrary to the earlier believe that this is how the GPCR signaling ends, in the past twenty years, it has been established that β-arrestin also forms a multi-protein signaling complex where the desensitized receptor also participates. These complexes initiate a signaling process that is distinct from the conventional GPCR signaling per se. Subsequent to the discovery of such independent signaling by the β-arrestin-receptor assembly (called "receptorsome"), a concept of "Pluridimensionality of GPCR Signaling" has emerged. [27] It refers to the concept that GPCRs might diversify the signals via multiple G proteins and non-G protein mediators by adopting multiple conformation having different active states (complexes) in different cellular locations. Their interactions with β-arrestin diversify the signal specificity through the interactions with various protein and lipid kinases, phosphatases, small G proteins, and their regulators. It is now hypothesized that different ligands might differentially alter the conformational state of the receptors. Such diversity of signaling by different ligands for the same receptor is termed as "ligand bias". [50] Such biased signaling has been shown for several endogenous ligands including the Angiotensin tools of metabolomics, proteomics, and transcriptomics further enhances our quest for newer and newer therapeutic tools such as microRNAs, [44] epigenetic regulators, [54] RNA aptamers, [55] and gene editors [56] to ameliorate various cardiovascular diseases.
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